Vaso-occlusion in sickle cell disease: pathophysiology of the microvascular circulation.
Microvascular dysfunction accounts for the major morbidity and contributes to the mortality among patients with sickle cell hemoglobinopathies. We summarize the microcirculatory dynamics of red cells in sickle cell disease. An overview of the physiological attributes of the microcirculation is presented. The microcirculatory module is a unique organic entity within the tissue domain, which is concerned with the functional exchange of substances between the blood and the tissue environment. The impairment in deformability of sickle red cells and their heterogeneity cause them to show abnormal microvascular flow dynamics that, in turn, contribute to derangement of the microvascular bed. Studies of experimental models in animals have employed the microcirculation of the mesentery, the cremaster muscle, and the mesoappendix. These studies showed the rheological disequilibrium that results as sickle cells course through successive segments of the arterioles, capillaries, and venules. Direct in vivo microscopic observations in human subjects, with analysis and quantitation of the nailfold and bulbar conjunctival capillaries, have also provided useful information as to the adverse effects of sickling on the microcirculation. Sickle cell vaso-occlusion has three phases--initiation, propagation, and resolution. This framework provides a basis for testable hypotheses for verification in appropriately designed experiments. In this context, the determinants of the microvascular flow of erythrocytes in sickle cell disease are emphasized.